(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(id 



EP 1 251 258 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.10.2002 Bulletin 2002/43 

(21) Application number 02007729.3 

(22) Date of filing: 05.04.2002 



(51) Intel. 7 : F02C9/00, F02C9/28 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB QR IE IT LI LU 


• 


Nagata, Shouichi, Takasago Machinery Works 




MC NL PT SE TR 




2-chome, Takasago, Hyogo-ken (JP) 




Designated Extension States: 


• 


Komiyama, Hiroya 




AL LT LV MK RO SI 




Yokohama-shi, Kanagawa-ken (JP) 


(30) 


Priority: 17.04.2001 JP 2001118626 


(74) 


Representative: Henkel, Feiler, Hanzel 








Mohlstrasse 37 


(71) 


Applicant: Mitsubishi Heavy Industries, Ltd. 




81675 Munchen (DE) 




Tokyo 100-0005 (JP) 







(54) Gas turbine plant with detector of extraordinary state 



(57) A gas turbine plant includes a combustion sec- 
tion (3), a turbine section (2), an exhaust section (12), 
a temperature detecting unit (13), and a monitoring unit 
(1 5). The combustion section combusts fuel using air to 
generate combustion gas. The turbine section is driven 
with the combustion gas from the combustion section. 
The exhaust section is connected to the turbine section 



to exhaust the combustion gas from the turbine section. 
The temperature detecting unit is provided in the ex- 
haust section to measure a temperature of the combus- 
tion gas. The monitoring unit generates a warning signal 
based on a tolerable level and data corresponding to a 
temporal change of the temperature measured by the 
temperature detecting unit to indicate an extraordinary 
state of the gas turbine plant. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001] The present invention relates to a gas turbine 
plant. Especially, the present invention relates to a gas 
turbine plant with a monitoring unit to monitor tempera- 
ture in a turbine outlet and to detect an extraordinary 
state of the gas turbine plant. 

2. Description of the Related Art 

[0002] Fig. 1 shows an example of a conventional gas 
turbine plant. The gas turbine plant shown in Fig. 7 is 
comprised of a compressor 101, a gas turbine section 
1 02, a combustion section 1 03 and a power generator 
1 04. External air is taken in by the compressor 1 01 , and 
is compressed, and supplied to the combustion section 
as compression air 1 05. Fuel 1 06 is supplied to the com* 
bustion section 1 03. The combustion section 1 03 com- 
busts the fuel 1 06 using the compression air 1 05 to form 
the combustion air 110. The combustion air 110 is dis- 
charged from an exhaust section 112 as exhaust gas 
111 after driving the turbine section 102. 
[0003] N temperature detectors (N is a positive inte- 
ger) 113 are provided in the exhaust section 112 in the 
neighborhood of an outlet of the gas turbine section 1 02. 
The N temperature detectors 113 are on N positions of 
the circumference of the exhaust section 112 in a con- 
stant interval. The N temperature detectors 113 monitor 
and measure the temperatures T 1 to T n on N positions 
in the neighborhood of the turbine outlet of the gas tur- 
bine section 102, i.e., blade path temperatures. The 
measured temperatures X, to T n are supplied to a mon- 
itoring unit 115. The monitoring unit 115 compares each 
of the temperatures T 1 to T n and a predetermined target 
value. The monitoring unit 115 detects an extraordinary 
state of the gas tu rbi ne plant when the difference of each 
of the temperatures T 1 to T n and a predetermined target 
value is equal to or larger than a tolerable level and emits 
a warning signal. 

[0004] However, the temperatures T A to T n in the 
neighborhood of the turbine outlet change even when 
the gas turbine plant is operating normally. When the 
output of the gas turbine plant changes, swirler phenom- 
enon is caused. As a result, the combustion gas 110 out- 
putted from the combustion section 1 03 passes through 
the turbine section 1 02 in a twisted state. When the com- 
bustion gas 110 is twisted, the blade path temperatures 
T 1 to T n change. Such changes of the blade path tem- 
peratures to T n are not caused due to the extraordi- 
nary state of the combustion section 1 03. 
[0005] Therefore, it is not possible to improve a de- 
tection sensitivity of the extraordinary state of the com- 
bustion section 1 03 by decreasing the tolerable level of 
the difference between each of the temperatures T., to 



T n and the predetermined target value, if the changes 
of the blade path temperatures T 1 to T n are considered. 
[0006] In conjunction with the above description, a 
steam monitoring system in a steam cooled type gas 

5 turbine is disclosed in Japanese Laid Open Patent Ap- 
plication (JP-P2000-18050A). In this reference, cooling 
steam is supplied to a cooling object such as a combust- 
ing unit and winds. A temperature detector detects an 
exit temperature of the cooling steam after the cooling. 

io A control apparatus inputs a detection signal from the 
temperature detector, and compares the detection sig- 
nal with a predetermined signal. Also, the control appa- 
ratus generates a warning signal, a signal for adjusting 
an opening degree of a fuel flow rate adjusting valve or 

15 closing a closing valve, when the detection signal ex- 
ceeds a predetermined signal. 

Summary of the Invention 

20 [0007] Therefore, an object of the present invention is 
to provide a gas turbine plant which monitors blade path 
temperatures to detect an extraordinary state of a com- 
bustion section more correctly. 

[0008] Another object of the present invention is to 
25 provide a gas turbine plant which has a high detection 
sensitivity of an extraordinary state of a combustion sec- 
tion, even if the changes of the blade path temperatures 
are caused. 

[0009] In an aspect of the present invention, a gas tur- 

30 bine plant includes a combustion section, a turbine sec- 
tion, an exhaust section, a temperature detecting unit, 
and a monitoring unit. The combustion section com- 
busts fuel using air to generate combustion gas. The tur- 
bine section is driven with the combustion gas from the 

35 combustion section. The exhaust section is connected 
to the turbine section to exhaust the combustion gas 
from the turbine section. The temperature detecting unit 
is provided in the exhaust section to measure a temper- 
ature of the combustion gas. The monitoring unit gen- 

40 erates a warning signal based on a tolerable level and 
data corresponding to a temporal change of the temper- 
ature measured by the temperature detecting unit to in- 
dicate an extraordinary state of the gas turbine plant. 
[0010] The monitoring unit may include a temperature 

45 change determining section which compares the toler- 
able level and the data corresponding to the temporal 
change of the measured temperature and generates the 
warning signal based on the comparison result. In this 
case, the temperature change determining section may 

so include a delay unit and a difference calculating unit. 
The delay unit delays the measured temperature by a 
predetermined time period to produce a delayed tem- 
perature. The difference calculating unit calculates a dif- 
ference between the delayed temperature and the 

55 measured temperature and outputs the calculated dif- 
ference as the data corresponding to the temporal 
change of the measured temperature. 
[001 1 ] Also, when the gas turbine plant include a plu- 
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rality of the temperature detecting units, the monitoring 
unit may include an averaging circuit and a plurality of 
temperature change determining sections. The averag- 
ing circuit calculates an average temperature of a plu- 
rality of the temperatures measured by the plurality of 
temperature detecting units. Each of the plurality of tem- 
perature change determining sections compares the tol- 
erable level and the data corresponding to the temporal 
change of a temperature difference between the aver- 
age temperature and a corresponding one of the plural- 
ity of measured temperatures and generates the warn- 
ing signal based on the comparison result. In this case, 
the temperature change determining section may in- 
clude a first difference calculating unit, a delay unit and 
a second difference calculating unit. The first difference 
calculating unit calculates the temperature difference 
between the average temperature and the correspond- 
ing measured temperature. The delay unit delays the 
temperature difference by a predetermined time period 
to produce a delayed temperature difference. The sec- 
ond difference calculating unit calculates a difference 
between the delayed temperature difference and the 
temperature difference and outputs the calculated dif- 
ference as the data corresponding to the temporal 
change of the temperature difference. 
[0012] Also, the tolerable level may be determined 
based on data varying in correspondence to an output 
of the gas turbine plant. In this case, when the gas tur- 
bine plant may include a plurality of the temperature de- 
tecting units, the monitoring unit may include an aver- 
aging circuit which calculates an average temperature 
of a plurality of the temperatures measured by the plu- 
rality of temperature detecting units, and the data vary- 
ing in correspondence to an output of the gas turbine 
plant is the average temperature. Instead, the data var- 
ying in correspondence to an output of the gas turbine 
plant may be a quantity of the fuel supplied to the com- 
bustion unit. Otherwise, when the gas turbine plant may 
include a fuel control valve, the data varying in corre- 
spondence to an output of the gas turbine plant may be 
an opening degree of the fuel control valve. 
[001 3] Also, the monitoring unit further may include a 
determining unit which compares the measured temper- 
ature and a predetermined threshold level and gener- 
ates another warning signal based on the comparison 
result. 

[001 4] Also, when the gas turbine plant includes a plu- 
rality of the temperature detecting units, the monitoring 
unit further may include an averaging circuit which cal- 
culates an average temperature of a plurality of the tem- 
peratures measured by the plurality of temperature de- 
tecting units; and a plurality of determining units, each 
of which compares a corresponding one of the meas- 
ured temperatures and the average temperature and 
generates another warning signal based on the compar- 
ison result. 

[0015] In another aspect of the present invention, a 
method of operating a gas turbine plant is achieved by 



(a) combusting fuel using air to generate combustion 
gas; by (b) driving a turbine with the combustion gas; by 

(c) exhausting the combustion gas from the turbine; by 

(d) measuring a temperature of the combustion gas; and 
5 by (e) generating a warning signal based on a tolerable 

level and data corresponding to a temporal change of 
the temperature measured by the temperature detecting 
unit to indicate an extraordinary state of the gas turbine 
plant. 

w [0016] In this case, the (e) generating step may be 
achieved by (f) comparing the tolerable level and the da- 
ta corresponding to the temporal change of the meas- 
ured temperature to generate the warning signal based 
on the comparison result. In this case, the (f) comparing 
75 steps may include delaying the measured temperature 
by a predetermined time period to produce a delayed 
temperature; and calculating a difference between the 
delayed temperature and the measured temperature to 
output the calculated difference as the data correspond- 
ing to the temporal change of the measured tempera- 
ture. 

[0017] Also, the (d) measuring step may be achieved 
by measuring a plurality of the temperatures of the com- 
bustion gas at a plurality of positions, and the (e) gen- 
erating step may be achieved by calculating an average 
temperature of a plurality of the measured tempera- 
tures; and by (g) comparing the tolerable level and the 
data corresponding to the temporal change of a temper- 
ature difference between the average temperature and 
a corresponding one of the plurality of measured tem- 
peratures to generate the warning signals based on the 
comparison result. In this case, the (g) comparing step 
may include calculating the temperature difference be- 
tween the average temperature and the corresponding 
measured temperature; delaying the temperature differ- 
ence by a predetermined time period to produce a de- 
layed temperature difference; and calculating a differ- 
ence between the delayed temperature difference and 
the temperature difference to output the calculated dif- 
ference as the data corresponding to the temporal 
change of the temperature difference. 
[0018] Also, the tolerable level may be determined 
variably based on data corresponding to an output of 
the gas turbine plant. 

Brief Description of the Drawings 

[0019] 

Fig. 1 is a diagram showing the structure of a con- 
ventional gas turbine plant; 

Fig. 2 is a diagram showing the structure of a gas 
turbine plant according to a first embodiment of the 
present invention; 

Fig. 3 is a diagram showing the structure of a mon- 
itoring unit used in the gas turbine plant in the first 
embodiment; 

Fig. 4 is a diagram showing the structure of a tem- 
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perature change determining unit of the monitoring 
unit in the gas turbine plant in the first embodiment; 
Fig. 5 is a graph showing dependence of a tolerable 
level R to an absolute value of a temporal change 
of the output P of the gas turbine plant in the first 
embodiment; 

Fig. 6 is a block diagram showing the structure of 
the monitoring unit used in the gas turbine plant in 
a second embodiment; and 
Fig. 7 is a block diagram showing the structure of a 
temperature change determining unit of the moni- 
toring unit in the gas turbine plant in the second em- 
bodiment. 

Description of the Preferred Embodiments 

[0020] Hereinafter, a gas turbine plant according to 
the present invention will be described with reference to 
the attached drawings. 

[0021] Fig. 2 is a block diagram showing the structure 
of the gas turbine plant according to the first embodi- 
ment of the present invention. Referring to Fig. 2, the 
gas turbine plant in the first embodiment is comprised 
of a compressor 1, a turbine section 2, a combustion 
section 3, an exhaust section 12, and a monitoring unit 
15. 

[0022] The compressor 1 takes in external air, com- 
presses and supplies the compressed air to the com- 
bustion section 3 as compression air 5. Fuel 6 is sup- 
plied to the combustion section 3 through a fuel supply 
valve 7. The combustion section 3 combusts the fuel 6 
using the compression air 5 to form combustion air 10. 
The combustion air 10 is discharged from the exhaust 
section 12 as exhaust gas 11 after driving the turbine 
section 2. 

[0023] The N (N is a positive temperature) tempera- 
ture detectors 1 3 are provided in the exhaust section 12 
in the neighborhood of the turbine outlet of the turbine 
section 2. The N temperature detectors 1 3 are provided 
on N positions of a circumference of the exhaust section 
in a constant interval. However, only two of the temper- 
ature detectors 13 are illustrated in Fig. 2. The N tem- 
perature detectors 1 3 monitor and measure the temper- 
atures of the combustion gas on the N positions in the 
neighborhood of the turbine outlet. The rheasured tem- 
peratures are referred to as blade path temperatures T 1 
to T n . The temperature detectors 13 output the blade 
path temperatures T n to T n to the monitoring unit 15. 
The monitoring unit 1 5 detects an extraordinary state of 
the gas turbine plant from the blade path temperatures 
T 1 to T n and outputs warning signals. 
[0024] Fig. 3 shows the structure of the monitoring 
unit 1 5. The monitoring unit 1 5 contains an average cal- 
culating unit 21 , comparing and determining unit 22-1 to 

22- n, temperature change determining units 23-1 to 

23- n and OR gates 24-1 to 24-n. 

[0025] The average calculating unit 21 calculates an 
average temperature T AVE of the blade path tempera- 



tures T 1 to T n . The comparing and determining unit 22-1 
outputs a warning signal AT-1 when the difference A T-, 
of the average temperature T AVE and the blade path 
temperature T1 is equal to or larger than a predeter- 

5 mined temperature difference A T UM . On the other hand, 
the comparing and determining unit 22-1 does not out- 
put the warning signal AT-1 when the difference A T., is 
smaller than the temperature difference A T UM . The 
comparing and determining units 22-2 to 22-n operate 

10 in the same way as the comparing and determining unit 
22-1 except that the blade path temperatures inputted 
thereto are different. That is, the comparing and deter- 
mining unit 22-i (i is an integer satisfying a relation of 
1^i^n) of the comparing and determining unit 22-1 to 

15 22-n outputs the warning signal AT-i, when the differ- 
ence A T, of the average temperature T AVE and the blade 
path temperature Tj is equal to or larger than the prede- 
termined temperature difference A T UM . Also, the com- 
paring and determining unit 22-i does not output the 

20 warning signal AT-i when the difference A Tj is smaller 
than the temperature difference A T UM . 
[0026] The temperature change determining unit 23-1 
determines whether the temporal change of the differ- 
ence A T 1 of the average temperature T AVE and the 

25 blade path temperature T 1 is equal to or larger than a 
threshold value. When determining that the temporal 
change of the difference A T 1 is equal to or larger than 
the threshold value, the temperature change determin- 
ing unit 23-1 outputs the warning signal ADT-1. When 

30 determining that the temporal change of the difference 
A Tj is smaller than the threshold value, the temperature 
change determining unit 23-1 does not output the warn- 
ing signal ADT-1 . The temperature change determining 
units 23-2 to 23-n operate in the same way as the tem- 

35 perature change determining unit 23-1 except that the 
blade path temperatures inputted thereto are different. 
That is, the temperature change determining unit 23-i (i 
is an integer satisfying a relation of 1^i^n) of the tem- 
perature change determining units 23-1 to 23-n deter- 

^0 mines whether the temporal change of the difference A 
Tj of the average temperature T AVE and the blade path 
temperature Tj is equal to or larger than a corresponding 
threshold value. When determining that the temporal 
change of the difference A Tj is equal to or larger than 

45 the corresponding threshold value, the temperature 
change determining unit 23-i outputs the warning signal 
ADT-i. When determining that the temporal change of 
the difference A Ti is smaller than the corresponding 
threshold value, the temperature change determining 

so unit 23-i does not output the warning signal ADT-i. 
[0027] The reason why the difference A Tj of the av- 
erage temperature T AVE and the blade path temperature 
T, is used for the determination of the extraordinary state 
is as follows. The blade path temperature T ( changes in 

55 accordance with the operation of the gas turbine plant. 
Therefore, a reference value used to determine whether 
or not the gas turbine plant is in an extraordinary state 
needs to be determined in accordance with the opera- 
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tion situation of the gas turbine plant. In the first embod- 
iment, the average temperature T AVE of the blade path 
temperatures T 1 to T n is used as the reference value to 
determine the extraordinary state of the gas turbine 
plant. It is possible to determine that the blade path tem- 
perature 71 is extraordinary when the difference A Tj of 
the average temperature T AVE and the blade path tem- 
perature Tj is equal to or larger than a predetermined 
value. By using the average temperature T AVE as the 
reference value to determine the extraordinary state of 
the gas turbine plant, it becomes unnecessary to deter- 
mine the reference value to the blade path temperature 
Tj in accordance with the operation situation of the gas 
turbine plant. 

[0028] Moreover, a tolerable level R to the temporal 
change of the temperature difference A T, is changed in 
accordance with the temporal change of the output P of 
the gas turbine plant. The reason is as follows. When 
the output P of the gas turbine plant changes, swirler 
phenomenon occurs. As a result, the combustion gas 
10 outputted from the combustion section 3 passes 
through the turbine section 2 in a twisted state. When 
the combustion gas 10 is twisted, the blade path tem- 
peratures T t to T n change. That is, the changes of the 
blade path temperatures T 1 to T n caused in accordance 
with the change of the output P of the gas turbine plant 
is not an indication of the extraordinary state of combus- 
tion section 3. Therefore, when the output P of the gas 
turbine plant is changing, the tolerable level R to the 
temporal change of the temperature difference A Tj is 
made larger. On the other hand, when the output P of 
the gas turbine plant is not changing, the tolerable level 
R to the temporal change of the temperature difference 
A Tj is made smaller. With this, the extraordinary state 
of the combustion section 3 can be detected more cor- 
rectly. The structure and operation of the temperature 
change determining units 23-1 to 23-n will be described 
later. 

[0029] The warning signal AT-1 generated by the 
comparing and determining unit 22-1 and the warning 
signal ADT-1 generated by the temperature change de- 
termining unit 23-1 are supplied to the OR gate 24-1. 
The OR gate 24-1 calculates the logical summation of 
the warning signal AT-1 and the warning signal ADT-1 
and generates the warning signal AL-1 . The warning 
signal AL-1 is outputted when the blade path tempera- 
ture T 1 itself or the temporal change of the blade path 
temperature is extraordinary. 
[0030] In the same way, the warning signal AT-i gen- 
erated by the comparing and determining unit 22-i of the 
comparing and determining units 22-1 to 22-n and the 
warning signal ADT-i generated by the temperature 
change determining unit 23-i of the temperature change 
determining units 23-1 to 23-n are supplied to the OR 
gate 24-i. The symbol i is an integer equal to or more 
than 1 and equal to or smaller than n. 
[0031] In the same way, the OR gate 24-i of the OR 
gates 24-1 to 24-n calculates the logical summation of 



the warning signal AT-i and the warning signal ADT-i and 
generates the warning signal AL-i. The warning signal 
AL-i is outputted when the blade path temperature Tj 
itself or the temporal change of the blade path temper- 

5 ature Tj is extraordinary. The warning signals AL-1 to 
AL-n show whether or not the blade path temperatures 

to T n are in the extraordinary states, respectively. 
[0032] Subsequently, the details of the structure of the 
temperature change determining units 23-1 to 23-n will 

10 be described. The temperature change determining 
units 23-1 to 23-n has the same structure except that 
the blade path temperatures are different. Therefore, 
the structures of the temperature change determining 
units will be described using the temperature change 

15 determining unit 23-1 as a typical example. 

[0033] Fig. 4 shows the structure of the temperature 
change determining unit 23-1 . The temperature change 
determining unit 23-1 is comprised of a difference unit 
31 , a delay unit 32, a difference unit 33, an absolute val- 

20 ue calculating unit 34, a determining unit 35, a delay unit 
36, a difference unit 37, an absolute value calculating 
unit 38, a function unit 39, an AND gate 40, and a delay 
unit 41. 

[0034] The difference unit 31 calculates the difference 

25 a T 1 of the blade path temperature T-, and the average 
temperature T AVE . The delay unit 32 delays the temper- 
ature difference A T 1 by one minute and outputs the de- 
layed temperature difference A T t . The delayed temper- 
ature difference A T 1 is hereinafter referred to as a tem- 

30 perature difference A T^ . The temperature difference A 
T.,' shows the difference before one minute between the 
blade path temperature T., and the average temperature 
T AVE . The difference unit 33 calculates the difference 
A t T 1 of the temperature difference A T 1 directly received 

35 from the difference unit 31 and the delayed temperature 
difference A^ \ The difference A t T 1 shows the temporal 
change of the temperature difference A for one 
minute. The absolute value calculating unit 34 calcu- 
lates the absolute value lA^) of the time difference 

^0 A t T 1 . The determining unit 35 determines whether or not 
the absolute value is larger than the tolerable level 
R. As mentioned above, the tolerable level R is set 
based on the temporal change of the output P of the gas 
turbine plant. The tolerable level R is set by the delay 

45 unit 36, the difference unit 37, the absolute value calcu- 
lating unit 38 and the function unit 39. 
[0035] The output P of the gas turbine plant is sup- 
plied to the delay unit 36. The delay unit 36 delays the 
output P by one minute and outputs the delayed output 

so p. The delayed output P is hereinafter referred to as an 
output P'. The output P* is the output of the gas turbine 
plant one minute before. The difference unit 37 calcu- 
lates the temporal change AjP of the output P. The tem- 
poral change AfP shows the temporal change of the out- 

55 put P of the gas turbine plant for one minute. The abso- 
lute value calculating unit 38 calculates the absolute val- 
ue |AtP| of the temporal change AjP. The function unit 
39 calculates the above-mentioned tolerable level R 
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based on the absolute value |AtP|. 
[0036] Fig. 5 shows the dependence of the tolerable 
level R on the absolute value (A^l calculated by the 
function unit 39. An example of the setting is shown be- 
low. The tolerable level R increases sense in accord- 
ance with the absolute value |AtP| monotonously in a 
wide. In detaij, the tolerable level R takes a constant of 
in case of O^I^PI^a^ Also, in case of a^^P^c^, 
the tolerable level R increases from p 1 to p 2 in accord- 
ance with the increase of I^Pj linearly. Also, in case of 
lAjPI ^ ccg, the tolerable level R takes a constant value 
of p 2 . That is, when the temporal change of the output 
P of the gas turbine plant is large, the tolerable level R 
becomes large, and when the temporal change of the 
output P of the gas turbine plant is small, the tolerable 
level R becomes small. However, the minimum of the 
tolerable level R is p 1 and the upper limit of the tolerable 
level R is p 2 . 

[0037] The output of the determining unit 35 becomes 
an ON state when the absolute value lA^I is equal to 
or more than the tolerable level R, and becomes an OFF 
state when the absolute value I^T, | is smaller than the 
tolerable level R. The output of the determining unit 35 
is connected with the first input terminal of the AND gate 
40. 

[0038] A parallel signal ON is supplied to the delay 
unit 41 to show whether or not the gas turbine plant is 
in the operation state. The parallel signal ON is set to 
the ON state when the gas turbine plant is in the oper- 
ation state. The output terminal of the delay unit 41 is 
connected with the second input terminal of the AND 
gate 40. The delay unit 41 delays the parallel signal ON 
by one minute, and outputs the delayed parallel signal 
ON. 

[0039] The AND gate 40 calculates a logical product 
of the output of the determining unit 35 and the output 
of the delay unit 41 , and outputs the above-mentioned 
warning signal ADT-1 . The warning signal ADT-1 is set 
to the ON state when the gas turbine plant is in the op- 
eration state, and the absolute value I^TJ is equal to 
or higher than the tolerable level R. The extraordinary 
state of the temporal change of the blade path temper- 
ature T A is warned by the warning signal ADT-1 . 
[0040] As mentioned above, the temperature change 
determining units 23-1 to 23-n have the same structure 
except that the blade path temperatures are different, 
and the explanation is not carried out. 
[0041] In the first embodiment, the extraordinary state 
of the blade path temperature detects Tj based on the 
temporal change \A{T l \ of the temperature difference A 
T } of the blade path temperature T } and the average tem- 
perature T AVE . Thus, even if the change of the blade 
path temperature Tj is detected when the combustion 
section 3 is not in an extraordinary state, it is not deter- 
mined as the extraordinary state of the combustion sec- 
tion 3. In this way, the detection sensitivity of the extraor- 
dinary state of the combustion section 3 can be made 
high. 



[0042] Moreover, in the blade path temperature mon- 
itoring unit in the first embodiment, the tolerable level R 
to the temporal changes lA^I to (A^) of the tempera- 
ture differences A T 1 to A T n is adjusted based on the 

5 temporal change of the output P of the gas turbine plant. 
With this, even if the change of the blade path temper- 
ature Tj is caused because of the occurrence of swirler 
phenomenon accompanying the operation of the gas 
turbine plant when the combustion section 3 is not in the 

10 extraordinary state, the detection sensitivity of the ex- 
traordinary state of the combustion section 3 can be 
made higher. 

[0043] It should be noted that in the first embodiment, 
the tolerable level R to the temporal changes |A t T 1 1 to 

15 lAjTJ of the differences A T t to A T n is set based on the 
output P of the gas turbine plant. However, the tolerable 
level R may be set based on other physical quantities 
having one-to-one correspondence to the output P of 
the gas turbine plant. For example, as the output P of 

20 the gas turbine plant increases, the average tempera- 
ture T AVE of the above-mentioned blade path tempera- 
tures T 1 to T n becomes higher, and has one-to-one cor- 
respondence to the output P of the gas turbine plant. 
Therefore, an average T AVE can be used, instead of the 

25 output P of the gas turbine plant. 

[0044] Also, as the output P of the gas turbine plant 
increases, the temperature of the gas 11 exhausted 
from the turbine section 2 becomes higher and one-to- 
one correspondence to the output P of the gas turbine 

^o plant. Therefore, the temperature of discharge gas 11 
may be used, instead of the output P of the gas turbine 
plant. 

[0045] Also, the output P of the gas turbine plant be- 
comes large as the flow rate of the fuel 6 supplied to the 

35 combustion sectfon 3 increases. Therefore, the flow rate 
of the fuel 6 has one-to-one correspondence to the out- 
put P of the gas turbine plant. Thus, the flow rate of the 
fuel 6 supplied to the combustion section 3 can be used 
instead of the output P of the gas turbine plant. 

40 [0046] Moreover, the output P of the gas turbine plant 
becomes larger as the opening degree of the fuel supply 
valve 7 for supplying the fuel 6 to the combustion section 
3 becomes larger. Therefore, the opening degree of the 
fuel supply valve 7 has one-to-one correspondence to 

45 the output P of the gas turbine plant. Thus, the opening 
degree of the fuel supply valve 7 can be used instead 
of the output P of the gas turbine plant. 
[0047] The gas turbine plant in the second embodi- 
ment has the almost same structure as the gas turbine 

50 plant in the first embodiment. In the gas turbine plant in 
the second embodiment, a monitoring unit 15' is used 
in place of the monitoring unit 1 5 of the gas turbine plant 
in the first embodiment. The other parts of the gas tur- 
bine plant in the second embodiment has same as those 

55 in the first embodiment and carries out the same oper- 
ations. 

[0048] Fig. 6 shows the structure of the monitoring 
unit 15' of the gas turbine plant in the second embodi- 
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ment. Referring to Fig. 6, the monitoring unit 15' is dif- 
ferent from the monitoring unit 1 5 of the gas turbine plant 
in the first embodiment in the point that the monitoring 
unit 1 5' does not calculate the average T AVE of the blade 
path temperatures "T, toT n . As shown in Fig. 6, the mon- 
itoring unit 1 5' is comprised of comparing and determin- 
ing units 22-1 ' to 22-n\ temperature change determining 
units 23-1 1 to 22-n' and OR gates 24-1 to 24-n. 
[0049] The comparing and determining unit 22-1 ' out- 
puts the warning signal AT-1 when the difference 8 
of the blade path temperature T 1 and a predetermined 
reference value is equal to or larger than a predeter- 
mined temperature difference 6 T UM . The comparing 
and determining unit 22-1 ' does not output the warning 
signal AT-1 when the difference 6 is smaller than the 
temperature difference § T LIM . 

[0050] The comparing and determining units 22-2' to 
22-n' operate in the same way as the comparing and 
determining unit 22-1 except that the blade path tem- 
peratures inputted thereto are different. That is, the 
comparing and determining unit 22-i' (i is an integer 
equal to or more than 1 or equal to or less than n) of the 
comparing and determining units 22-1 to 22-n. When the 
difference 6 Tj of the blade path temperature Tj and the 
predetermined reference value is equal to or larger than 
the predetermined temperature difference 5 T LIM , the 
comparing and determining unit 22-i' outputs the warn- 
ing signal AT-i. Also, the comparing and determining unit 

22- i' does not output the warning signal AT-i when the 
difference 5 T { is smaller than the temperature difference 

8 t lim- 

[0051] The temperature change determining unit 

23- 1 1 determines whether or not the temporal change of 
the blade path temperature T 1 is extraordinary. It should 
be noted that in the first embodiment, the extraordinary 
state is detected based on the temporal change of the 
difference A T 1 of the average temperature T AVE and the 
blade path temperature T-, in the temperature change 
determining unit 23-1 of the monitoring unit 15. In the 
second embodiment, the temperature change determin- 
ing unit 23-1' outputs the warning signal ADT-1, when 
determining that the temporal change of the blade path 
temperature T 1 is extraordinary. The temperature 
change determining unit 23-1 * does not output the warn- 
ing signal ADT-1 , when determining that the temporal 
change of the blade path temperature T 1 is not extraor- 
dinary. 

[0052] The temperature change determining units 
23-2* to 23-n 1 operate in the same ways as the temper- 
ature change determining unit 23-1 ' except that the 
blade path temperatures supplied thereto are different. 
That is, the temperature change determining unit 23-i' (i 
is an integer equal to or more than 1 and equal to or less 
than n) of the temperature change determining units 
23-1 to 23-n determines whether or not the temporal 
change of the blade path temperature Tj is extraordi- 
nary. The temperature change determining unit 23-i out- 
puts the warning signal ADT-i, when determining that 



the temporal change of the blade path temperature Tj is 
extraordinary. The temperature change determining unit 
23-i does not output the warning signal ADT-i, when de- 
termining that the temporal change of the blade path 
5 temperature Tj is not extraordinary. At this time, the tol- 
erable level R to the temporal change of the blade path 
temperature Tj is changed in accordance with the tem- 
poral change of the output P of the gas turbine plant. 
The reason is as described in the first embodiment. 
10 [0053] The OR gate 24-1 calculates the logical sum- 
mation of the warning signal AT-1 and the warning signal 
ADT-1 and generates the warning signal AL-1. The 
warning signal AL-1 is outputted when the temporal 
change of the blade path temperature T-, itself or the 
is blade path temperature Tj is extraordinary. 

[0054] In the same way, the OR gate 24-i of the OR 
gates 24-1 to 24-n calculates the logical summation of 
the warning signal AT-i and the warning signal ADT-i and 
generates the warning signal AL-i. The warning signal 
AL-i is outputted when the blade path temperature Tj 
itself or the temporal change of the blade path temper- 
ature Tj is extraordinary. The warning signals AL-1 to 
AL-n show whether or not the blade path temperatures 
T 1 to T n are extraordinary, respectively. 
[0055] Fig. 7 shows the structure of the temperature 
change determining unit 23-1 '. The temperature change 
determining unit 23-1 1 has the structure that the differ- 
ence unit 31 of the temperature change determining unit 
23-1 in the first embodiment is removed and the blade 
path temperature T 1 is directly supplied to the delay unit 
32 and the difference unit 33. The temperature change 
determining unit 23-1 * is comprised of a delay unit 32, a 
difference unit 33, an absolute value calculating unit 34, 
a determining unit 35, a delay unit 36, a difference unit 
37, an absolute value calculating unit 38, a function unit 
39, an AND gate 40 and a delay unit 41. 
[0056] The delay unit 32 delays the blade path tem- 
perature Ti by one minute and outputs the delayed 
blade path temperature T 1 . The delayed blade path tem- 
perature T 1 is hereinafter referred to as a delayed blade 
path temperature T 1 '. The difference unit 33 calculates 
the difference A^' of the blade path temperature T 1 di- 
rectly received and the delayed blade path temperature 
T n '. The difference A t T 1 ' shows the temporal change the 
blade path temperature T n for one minute. The absolute 
value calculating unit 34 calculates the absolute value 
I^TtI 1 of the difference A^'. The determining unit 35 
determines whether or not the absolute value lA^I' is 
extraordinary, i.e., is equal to or larger than the tolerable 
level R. The tolerable level R is set based on the tem- 
poral change of the output P of the gas turbine plant. 
The tolerable level R is set by the delay unit 36, the dif- 
ference unit 37, the absolute value calculating unit 38 
and the function unit 39. 

[0057] The output P of the gas turbine plant is sup- 
plied to the delay unit 36. The delay unit 36 outputs the 
delayed output P by one minute. The delayed output P 
is hereinafter referred to as a delayed output P\ The out- 
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put P 1 is the output of the gas turbine plant one minute 
before. The difference unit 37 calculates the difference 
\P of the output P and the output P'. The difference ^P 
shows the change of the output P of the gas turbine plant 
for one minute. The absolute value calculating unit 38 
calculates the absolute value (A^l of the difference AjP. 
The function unit 39 calculates the above-mentioned tol- 
erable level R based on the absolute value I^Pj. 
[0058] An example in which the function unit 39 cal- 
culates the tolerable level R based on the absolute value 
[AjPI is as described with reference to Fig. 5 in the first 
embodiment. When the change of the output P of the 
gas turbine plant is large, the tolerable level R becomes 
large, and when the change of the output P of the gas 
turbine plant is small, the tolerable level R becomes 
small. However, the minimum of the tolerable level R is 

and the upper limit of the tolerable level R is r3 2 . 
[0059] The output of the determining unit 35 is set to 
the ON state when the absolute value (A^ |' is equal to 
or larger than the tolerable level R, i.e., when the com- 
bustion section 3 is in an extraordinary state. Also, the 
output of the determining unit 35 is set to the OFF state, 
when the absolute value I^T^' is smaller than the tol- 
erable level R, i.e., when the combustion section 3 is not 
in an extraordinary state. The output of determining unit 
35 is connected with the first input terminal of the AND 
gate 40. 

[0060] The output terminal of the delay unit 41 is con- 
nected with the second input terminal of the AND gate 
40. The parallel signal ON shows whether or not the gas 
turbine plant is in the operation state and is supplied to 
the delay unit 41 . The parallel signal ON is set to the ON 
state when the gas turbine plant is in the operation state. 
The delay unit 41 delayed the parallel signal ON by one 
minute and outputs the delayed parallel signal ON. 
[0061] The AND gate 40 calculates the logical product 
of the output of the determining unit 35 and the output 
of the delay unit 41 and outputs the above-mentioned 
warning signal ADT-1 . The warning signal ADT-1 is set 
to the ON state when the gas turbine plant is in the op- 
eration state and the absolute value |A t T 1 1* is equal to or 
lager than the tolerable level R. The warning signal ADT- 
1 warns the extraordinary state of the temporal change 
of the blade path temperature T v 
[0062] The temperature change determining units 
23-2' to 23-n' have the same structure as the tempera- 
ture change determining unit 23-1 ' except that the blade 
path temperatures inputted thereto are different, and the 
explanation is not carried out. 

[0063] The gas turbine plant in the second embodi- 
ment detects the extraordinary state of the blade path 
temperature T { based on the temporal change j^T,)' of 
the blade path temperature T } . Even if the temporal 
change of the blade path temperature Tj is caused when 
the combustion section 3 is not in an extraordinary state, 
the detection sensitivity of the extraordinary state of the 
combustion section 3 can be made high. 
[0064] Moreover, in the blade path temperature mon- 



itor in this embodiment, the tolerable level R to the tem- 
poral change I^Tjl' of the blade path temperature Tj is 
adjusted based on the temporal change of the output P 
of the gas turbine plant. Even if the change of the blade 
s path temperature Tj is caused due to the occurrence of 
swirler phenomenon accompanying the operation of the 
gas turbine plant when the combustion section 3 is not 
in an extraordinary state, the detection sensitivity of the 
extraordinary state of the combustion section 3 can be 
made higher. 

[0065] It should be noted that in the second embodi- 
ment, like the first embodiment, the tolerable level R can 
be set based on other physical quantities having one- 
to-one correspondence to the output P of the gas turbine 
plant. As the other physical quantities, the flow rate of 
the fuel 6, the temperature of the exhausted gas 1 1 , the 
opening degree of the fuel supply valve 7 can be used. 
[0066] According to the present invention, there can 
be provided with the gas turbine plant in which the blade 
path temperature is monitored and measured and the 
extraordinary state of the combustion section is detect- 
ed. Also, the gas turbine plant has the high sensitivity 
of the detection of the extraordinary occurrence even if 
the change of the blade path temperature is caused 
when there is no extraordinary state. 



Claims 



30 1 . A gas turbine plant comprising: 

a combustion section (3) which combusts fuel 
using air to generate combustion gas; 
a turbine section (2) driven with said combus- 
ts tion gas from said combustion section; 

an exhaust section (12) connected to said tur- 
bine section to exhaust said combustion gas 
from said turbine section; 
a temperature detecting unit (13) provided in 
40 said exhaust section to measure a temperature 

of said combustion gas; and 
a monitoring unit (15) which generates a warn- 
ing signal based on a tolerable level and data 
corresponding to a temporal change of said 
45 temperature measured by said temperature de- 

tecting unit to indicate an extraordinary state of 
the gas turbine plant. 

2. The gas turbine plant according to claim 1 , wherein 
50 said monitoring unit (15) comprises: 

a temperature change determining section (23) 
which compares said tolerable level and said 
data corresponding to said temporal change of 
55 said measured temperature and generates 

said warning signal based on the comparison 
result. 
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The gas turbine plant according to claim 2, wherein 
said temperature change determining section (23) 
comprises: 

a delay unit (32) which delays said measured 5 
temperature by a predetermined time period to 
produce a delayed temperature; and 
a difference calculating unit (33) which calcu- 
lates a difference between said delayed tem- 
perature and said measured temperature and 10 
outputs the calculated difference as said data 
corresponding to said temporal change of said 
measured temperature. 



The gas turbine plant according to claim 1 , wherein 
said gas turbine plant comprises: 



C 



15 



a plurality of said temperature detecting units 
(13), 

said monitoring unit (15) comprises: 20 
an averaging circuit (21) which calculates an 
average temperature of a plurality of said tem- 
peratures measured by said plurality of temper- 
ature detecting units; and 

a plurality of temperature change determining 25 
sections (23), each of which compares said tol- 
erable level and said data corresponding to 
said temporal change of a temperature differ- 
ence between said average temperature and a 
corresponding one of said plurality of measured 30 
temperatures and generates said warning sig- 
nal based on the comparison result. 

The gas turbine plant according to claim 4, wherein 
said temperature change determining section com- 35 
prises: 

a first difference calculating unit (31) which cal- 
culates said temperature difference between 
said average temperature and said corre- 40 
sponding measured temperature; 
a delay unit (32) which delays said temperature 
difference by a predetermined time period to 
produce a delayed temperature difference; and 
a second difference calculating unit (33) which 45 
calculates a difference between said delayed 
temperature difference and said temperature 
difference and outputs the calculated differ- 
ence as said data corresponding to said tem- 
poral change of said temperature difference. so 

The gas turbine plant according to claim 1 , wherein 
said tolerable level is determined based on data 
varying in correspondence to an output of said gas 
turbine plant. 55 

The gas turbine plant according to claim 6, wherein 
said gas turbine plant comprises: 



a plurality of said temperature detecting units, 

said monitoring unit comprises: 

an averaging circuit (21) which calculates an 
average temperature of a plurality of said tem- 
peratures measured by said plurality of temper- 
ature detecting units, and 
said data varying in correspondence to an out- 
put of said gas turbine plant is said average 
temperature. 

8. The gas turbine plant according to claim 6, wherein 
said data varying in correspondence to an output of 
said gas turbine plant is a quantity of the fuel sup- 
plied to the combustion unit. 

9. The gas turbine plant according to claim 6, further 
comprising a fuel control valve (7), and 

wherein said data varying in correspondence 
to an output of said gas turbine plant is an opening 
degree of said fuel control valve. 

10. The gas turbine plant according to claim 1 , wherein 
said monitoring unit (15) further comprises: 

a determining unit (22) which compares said 
measured temperature and a predetermined 
threshold level and generates another warning 
signal based on the comparison result. 

1 1 . The gas turbine plant according to claim 1 , wherein 
said gas turbine plant comprises: 

a plurality of said temperature detecting units 
(13), 

said monitoring unit further comprises: 
an averaging circuit (21) which calculates an 
average temperature of a plurality of said tem- 
peratures measured by said plurality of temper- 
ature detecting units; and 
a plurality of determining units (22), each of 
which compares a corresponding one of said 
measured temperatures and said average tem- 
perature and generates another warning signal 
based on the comparison result. 

12. A method of operating a gas turbine plant compris- 
ing the steps of: 

(a) combusting fuel using air to generate com- 
bustion gas; 

(b) driving a turbine with said combustion gas ; 

(c) exhausting said combustion gas from said 
turbine; 

(d) measuring a temperature of said combus- 
tion gas; and 

(e) generating a warning signal based on a tol- 
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erable level and data corresponding to a tem- 
poral change of said temperature measured by 
said temperature detecting unit to indicate an 
extraordinary state of the gas turbine plant. 

13. The method according to claim 12, wherein said (e) 
generating step comprises the step: 



17. The method according to claim 12, wherein said tol- 
erable level is determined variably based on data 
corresponding to an output of said gas turbine plant. 

5 



(f) comparing said tolerable level and said data 
corresponding to said temporal change of said 10 
measured temperature to generate said warn- 
ing signal based on the comparison result. 



14. The method according to claim 13, wherein said (f) 
comparing steps comprises the steps of: 15 

delaying said measured temperature by a pre- 
determined time period to produce a delayed 
temperature; and 

calculating a difference between said delayed 20 
temperature and said measured temperature to 
output the calculated difference as said data 
corresponding to said temporal change of said 
measured temperature. 

25 

15. The method according to claim 1 2, wherein said (d) 
measuring step comprises the steps of: 

measuring a plurality of said temperatures of 
said combustion gas at a plurality of positions, 30 
and 

said (e) generating step comprises the steps of: 



calculating an average temperature of a plural- 
ity of said measured temperatures; and 35 
(g) comparing said tolerable level and said data 
corresponding to said temporal change of a 
temperature difference between said average 
temperature and a corresponding one of said 
plurality of measured temperatures to generate *o 
said warning signals based on the comparison 
result. 



16. The method according to claim 1 5, wherein said (g) 
comparing step comprises the steps of: 45 

calculating said temperature difference be- 
tween said average temperature and said cor- 
responding measured temperature; 
delaying said temperature difference by a pre- so 
determined time period to produce a delayed 
temperature difference; and 
calculating a difference between said delayed 
temperature difference and said temperature 
difference to output the calculated difference as 55 
said data corresponding to said temporal 
change of said temperature difference. 
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